Retrospective analysis of patients for development of nephrogenic systemic fibrosis following conventional angiography using gadolinium-based contrast agents Abstract Purpose: The purpose was to retrospectively review the data of 27 patients with renal insufficiency who underwent conventional angiography with gadolinium-based contrast agents (GDBCA) as alternative contrast agents and assess the occurrence of nephrogenic systemic fibrosis (NSF) together with associated potential risk factors. Methods: This HIPAA-compliant study had institutional review board approval, and informed consent was waived. Statistical analysis was performed for all available laboratory and clinical data, including dermatology reports. Type and amount of the GDBCA used were recorded for angiography and additional MRI studies, if applicable. Serum creatinine levels (SCr) pre-and post-angiography were recorded, and estimated glomerular filtration rates (eGFR) were calculated. Results: Ten female and 17 male patients who underwent angiography with GDBCA were included. The mean amount of GDBCA administered was 44± 15.5 ml (range 15-60 ml) or 0.24+ 0.12 mmol/kg (range 0.1-0.53 mmol/ kg). At the time of angiography all patients had renal insufficiency (eGFR <60 ml/min/1.73 m 2 ). Mean eGFR pre-angiography was 26 ml/ min/1.73 m 2 and 33 ml/min/1.73 m 2 post-angiography. The mean followup period covers 28 months, range 1-84 months. Additional MRI studies with GDBCA administration were performed in 15 patients. One patient with typical skin lesions had developed biopsy-confirmed NSF. Conclusion: Conventional arterial angiography with GDBCA may play a role in the development of NSF in patients with renal insufficiency. Alternative contrast agents, such as CO 2 angiography or rather the use of low doses of iodinated contrast agents, should be considered in these patients.
Introduction
It is well known that the use of iodinated contrast material may induce nephropathy, especially in patients with underlying renal insufficiency [1] . In the past, gadolinium-based contrast agents (GDBCA) were used as alternative contrast agents for conventional angiography in patients with renal insufficiency on an off-label basis, although the Contrast Media Safety Committee (CMSC) of the European Society of Urogenital Radiology (ESUR) did not approve GDBCA for radiographic examinations [2, 3] . In a previous study, it was concluded that angiography and percutaneous treatment of renal artery stenosis in patients with chronic renal insufficiency and suspected ischaemic nephropathy can be performed safely using intra-arterial injections of GDBCA as contrast media without an increased risk of complications. Contrast-induced nephropathy potentially occurred in no more than 3.2% of patients [4] . It was further noted that neither the degree of underlying renal insufficiency nor diabetes was a risk factor for predicting a greater likelihood of renal function impairment at 48-h followup [4] .
Recently, an illness called nephrogenic systemic fibrosis (NSF) or nephrogenic fibrosing dermopathy was described in patients with renal impairment presenting with typical skin lesions and joint disease [5] . Fulminate progression with systemic complications and autopsy reports even suggested that NSF is a systemic disorder that may involve other organs resulting in severe damage or even death [6, 7] . Of interest, a strong relationship between administration of GDBCA and an outbreak of NSF was suggested by various reports in the literature [8] [9] [10] . Even though it has not been proven that gadolinium is the triggering agent, gadolinium administration could be established in most NSF cases.
The purpose of this study was to retrospectively review clinical and laboratory data of 27 patients with renal insufficiency who underwent conventional angiography with GDBCA as alternate contrast media and assess for the occurrence of NSF.
Materials and methods

Patients
This HIPPA-compliant study was approved by our institutional review board, and informed consent was waived. As of February 2007, we retrospectively analysed data of 27 consecutive patients (10 women and 17 men, median age 77 years, age range 20-97 years) who had received GDBCA as an alternative contrast agent for conventional angiography between June 2000 and January 2002 on an off-label basis. Of those, 17 patients also received CO 2 and 13 patients also received iodinated contrast material, including 8 patients who received both CO 2 and iodinated contrast material. All patients were preand post-hydrated intravenously with 1 l of saline solution (0.9%) each time. 
Results
Results are summarised in Tables 1 and 2 Tables 1 and 2 , patient data summary in Table 3 ) was on dialysis from October 1998 to August 2000. He received a renal transplant in August 2000, and dialysis was stopped. This patient had multiple studies with GDBCA post-renal transplantation receiving both linear and macrocyclic gadolinium-based contrast agents (Table 3 ). The patient had to go back on dialysis in May 2001. He observed skin changes and developed joint pain in his knees, elbows and hands in September 2001, which was approximately 5 months post-renal transplant angiography with GDBCA. At the time, this patient had received a total of 215 ml of GDBCA, including 135 ml of linear and 80 ml of macrocyclic contrast agents. A skin biopsy taken in late December 2001 was positive for NSF in retrospect. Workup of this patient's joint pain included additional MRI studies of his thigh and knees with GDBCA demonstrating synovial proliferation and periosteal inflammation. Macroscopic skin examination demonstrated generally dry skin, nodules on the palms, calves and feet, hyperpigmentation of both calves, and contracting finger joints. A skin biopsy was obtained from the patient's right knee demonstrating thickening of the dermis and proliferating fibroblasts compatible with NSF ( Fig. 1) . Immunohistochemistry was positive for CD 34 and CD 68. This patient had also suffered from cardiac disease (atrioventricular block) and eventually died of sudden cardiac death in 2005.
In total, seven patients died, three of cardiac death, two of natural causes, one died because the patient refused to have dialysis and one died in an accident (a fall from a cherry tree). 
Discussion
In the present study we reviewed clinical and laboratory data of 27 patients with renal insufficiency who underwent conventional angiography using intra-arterial gadoliniumbased contrast agents (GDBCA) as alternate x-ray contrast media and assessed the occurrence of nephrogenic systemic fibrosis. Additional MRI studies with GDBCA were performed in 15 patients. Despite this rather high total exposure to gadolinium-based contrast agents, only one patient demonstrated NSF-typical skin changes that were biopsy-proven. We cannot exclude further cases, but these at least were not spontaneously reported or registered within the clinical records. It is well established that the use of iodinated contrast material may cause contrast-induced nephropathy (CIN), NA, Not available; M, male; F, female; SD, standard deviation; eGFR, estimated glomerular filtration rate #Mean follow-up period was 28 months, range 1-84 months especially in patients with underlying renal insufficiency [1] . Because GDBCA seemed to have a reduced nephrotoxicity compared with iodinated agents, physicians were encouraged to switch over to GDBCA [11] . However, it was a previous misconception that the use of GDBCA was safe in patients with underlying renal insufficiency [2] . The Contrast Media Safety Committee (CMSC) of the European Society of Urogenital Radiology (ESUR) did not approve GDBCA for radiographic examinations [3] . It was stated that GDBCA should not be used for radiographic examinations in patients with renal impairment and that these contrast agents are more nephrotoxic than iodinated contrast in equivalent radiographic attenuating doses.
In a previous study, GDBCAs were used to perform digital subtraction angiography and percutaneous treatment of renal artery stenosis in such patients [4] . Although contrast-induced nephropathy potentially occurred in no more than 3.2% of patients in this study, recent findings indicate that these patients may be at increased risk of NSF.
In our study, all patients had an alteration of renal function. As reported by Sadowski et al., a combination of factors, including altered renal function, chronic inflammation and exposure to gadolinium-based contrast agents, may all play a role in the development of NSF [12] . In their study, data of 13 patients with biopsy-confirmed NSF were reviewed, and associated risk factors were assessed. All patients had been exposed to GDBCA within a time frame of 6 months. All patients had renal insufficiency and had been hospitalised for a proinflammatory event such as surgery, infection or a vascular event. Compared with a control group, these patients had significantly decreased eGFR, more proinflammatory events and more MRI studies with GDBCA. In our study, conventional arterial angiography was performed, which represents a proinflammatory element that basically increases the risk of NSF. Furthermore, GDBCA was administered intra-arterially for conventional angiography. This implies higher renal first-pass toxicity compared with IV administration, especially if selective renal artery angiography was performed.
Nephrogenic systemic fibrosis occurring in patients with kidney impairment was lately reported to present with characteristic skin manifestation and joint disease [5, 13, 14] . Previous literature reports describe coherence between the use of gadolinium-based contrast agents and NSF [8] [9] [10] [15] [16] [17] . In our study, one patient demonstrated skin lesions characteristic of NSF, which was biopsy-proven. There was a hiatus of approximately 5 months between his renal transplant angiography with GDBCA and the onset of symptoms, which seems rather long according to the European Society of Urogenital Radiology (ESUR) guidelines, defining 8 weeks as the standard critical period [18] . As mentioned earlier, this patient had received as much as 135 ml of linear GDBCA before the onset of symptoms. It remains uncertain if NSF was caused by the single-dose of GDBCA administered during catheter angiography, while the renal impairment was almost complete or the ones given earlier for several MRI studies of the patient's kidney and thigh or the total amount of gadolinium during the patient's life-time. However, the cumulative dose of GDBCA seems to be more likely responsible for the onset of NSF than a single dose of 15 ml administered during angiography [19] .
We propose that there may be a possibility that repeated GDBCA administration, as in our case, increased the risk of NSF occurring in terms of an additive effect in GDBCA deposition [10, 19, 20] . Furthermore, Abraham et al. investigated retained gadolinium-containing deposits in skin biopsies from 20 patients with gadolinium-related NSF [21] . Of interest, gadolinium concentration increased over time with multiple sequential biopsies in more than GDBCA, gadolinium-based contrast agent; NA, not available; eGFR, estimated glomerular filtration rate 50% of patients for 23 months; after that a rather slow decrease was observed reflecting the difficulty in eliminating the gadolinium once it is deposited in the tissues. The authors suggested that gadolinium may be mobilised over time from bone stores, explaining the variably delayed onset of NSF. The liberation of toxic and insoluble gadolinium after dechelation following transmetallation of the gadolinium chelate is the proposed trigger for NSF [8] . Free gadolinium ions are released from the chelate in exchange for endogenous metals, protons and subsequently form insoluble phosphates or hydroxides in the peripheral human tissues. The precipitating gadolinium salts are engulfed by circulating macrophages that attract fibrocytes. Because of the relatively high capacity of solubilisation within the lysosomes of the macrophages, these cells are probably intoxicated, leading to a vicious circle. Because of a markedly prolonged clearance and circulation time of GDBCA in patients with end-stage renal disease, these patients are at increased risk of NSF development. Mainly two types of GDBCA chelates, linear open-chain and macrocyclic ones, are commercialised. They differ in their thermodynamic stability ratios expressed at different pH values and velocity of decomplexation when under competition from other protons or electrolytes. Linear chelates, such as gadodiamide (Omniscan), which was mainly used for angiography in our study because of its rather low osmolality of 780 mOsm/kg H 2 O at 37°C, seem to be at higher risk of decomplexation than macrocylic chelates such as gadoteridol (ProHance). A summary of the medical literature reports more than 90% of NSF cases associated with GDBCA administration related to gadodiamide (Omniscan) [22] . Thomsen et al. report the prevalence of NSF to be significantly higher post-gadodiamide than any other gadolinium-based agent (3-7% versus 0-1% per injection) in patients with reduced renal function [17] . After exposure to two gadodiamide injections, they found prevalence as high as 36% in patients with chronic kidney disease stage 5. In the current literature, no reports of NSF after the administration of most stable agents have been published, implying that there may be a difference in triggering NSF between various agents.
As the relationship of NSF with the administration of GDBCA was unknown at the time, absurdly, additional MRI studies with gadolinium-based contrast agents were performed working up our patient's symptoms and following up the renal transplant. Despite the nebulosity of NSF at the time, in our positive case a skin biopsy was obtained, and histopathology was reported to demonstrate dermal fibrosis, thickening of the dermis and proliferating fibroblasts. With today's knowledge, these findings are compatible with NSF. Immunohistochemistry was not performed at the time, but we were able to obtain the original tissue specimen and produced additional stains using immunohistochemistry for CD 34 and CD 68, which were characteristically positive for NSF.
There are several limitations of this study. First, the study is retrospective and therefore not controlled for selection bias, detection of events and data collection. Second, although 27 patients were studied, adverse events that occur at a low rate or that were of rather weak intensity could have been missed or were underreported. Moreover, different types of GDBCA were used in our study, further decreasing the potential sensitivity of the study for adverse events and correlation of GDBCA with outbreaks of NSF. Third, because of the retrospective design of this study, signs for NSF could have been missed in individual patients because data were missing and because NSF had not been recognised during the entire study period included.
In conclusion, exposition with gadolinium-based contrast agents during conventional angiography may play a role in the development of NSF in patients with renal insufficiency. Alternative contrast agents such as CO 2 angiography or rather the use of low doses of iodinated contrast agents should be considered in these patients.
